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Association Between Self-Reported
Spinal Morning Stiffness and
Radiographic Evidence of
Lumbar Disk Degeneration in
Participants of the Cohort Hip and
Cohort Knee (CHECK) Study
Roxanne van den Berg, Elisabeth M. Jongbloed, Natalia O. Kuchuk, Bart W. Koes,
Edwin H.G. Oei, Sita M.A. Bierma-Zeinstra∗, Pim A.J. Luijsterburg∗
Background. Low back pain (LBP) is very common and is a main cause of limited
activity and work absence. Patients with LBP may also report spinal morning stiffness; this
symptom could be useful for identifying subgroups with signs and symptoms related to
spinal osteoarthritis.
Objective. This study investigated whether an association exists between reported spinal
morning stiffness and radiographic evidence of lumbar disk degeneration (LDD) in people
with LBP and a history of pain of the hip and/or knee.
Design. This cross-sectional study used 8-year follow-up data from the Cohort Hip and
Cohort Knee study.
Methods. The association between spinal morning stiffness and radiographic LDD
features was assessed with multivariable logistic regression models.
Results. The presence of osteophytes was significantly associated with spinal morning
stiffness (odds ratio [OR] = 2.1 [95% confidence interval [CI] = 1.3–3.2]) as was the presence
of grade 2 or 3 disk space narrowing (OR = 2.0 [95% CI = 1.1–3.5]). There was also a
significant association between morning stiffness persisting for > 30 minutes and grade 2
osteophytes (OR = 2.6 [95% CI = 1.1–6.2]) and grade 1 disk space narrowing (OR = 2.0
[95% CI = 1.1–3.6]). Furthermore, there was a significant association between moderate
spinal morning stiffness and the presence of osteophytes (OR = 2.0 [95% CI = 1.2–3.2]).
Both the presence of osteophytes and disk space narrowing were significantly associated
with severe spinal morning stiffness (for osteophytes: OR = 2.0 [95% CI = 1.2–3.7]; for
narrowing at L1-S1: OR = 1.8 [95% CI = 1.1–3.1]).
Limitations. Only lumbar lateral radiographs were available for each participant,
implying that the LDD features could have been underestimated. The quality of the
radiographs was not consistent.
Conclusions. This study showed an association between self-reported spinal morning
stiffness and symptomatic LDD. When morning stiffness lasted > 30 minutes, there was a
significant association with the features of LDD. The association was stronger when the
severity of spinal morning stiffness increased.
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L ow back pain (LBP) is a common medical problem,and 70% to 80% of adults report experiencing anepisode of LBP during their lifetime.1 Moreover, LBP
is the most important musculoskeletal cause of activity
limitation and work absence.2 Nonspecific LBP is usually
defined as pain, muscle tension, and stiffness, with or
without leg pain (sciatica).3 A well-studied risk factor for
LBP is lumbar disk degeneration (LDD),4–10 of which the
most commonly used definition is radiographic evidence
of osteophytes and disk space narrowing.6,10,11 These
features are considered to be part of spinal osteoarthritis
and are frequent in the low back. However, because of the
large and heterogeneous groups of adults with
nonspecific LBP, Scheele et al12 reported the importance of
identifying subgroups regarding etiology, prognosis,
acceptance, and participation with treatment in patients
with nonspecific LBP. One of these subgroups could be
patients with LBP with symptoms associated
with LDD.
According to the American College of Rheumatology
(ACR) criteria, besides pain, morning stiffness is an
important clinical symptom of hip and knee
osteoarthritis.13,14 However, because LDD shows similar
structural features to osteoarthritis8,11,15–17 and there are no
official classification criteria for spinal osteoarthritis,
spinal morning stiffness might be a clinical symptom of
this degenerative disease. Overall, there is broad
agreement on the key management of lower limb
osteoarthritis recommended in guidelines by the various
organizations,18,19 including the large professional
societies, research societies, and governmental
organizations. In the guidelines, exercise therapy
(consisting of strengthening exercise and general aerobic
exercise) and education/self-management are widely
recommended and seen as first-line treatment. For this
reason, it could be useful for a physical therapist (and a
general practitioner [GP]) to identify patients with
symptomatic spinal osteoarthritis and see whether this
subgroup will benefit by similar treatment.
Scheele et al12 also reported that an association between
morning stiffness and LDD (adjusted odds ratio [OR] = 1.3
[95% confidence interval [CI] = 1.1–1.6] for osteophytes
and adjusted OR = 2.5 [95% CI = 1.4–3.4] for disk space
narrowing). This association could imply that spinal
morning stiffness is one of the symptoms that GPs and
physical therapists could use to identify the subgroup of
patients with LBP and symptoms due to spinal
osteoarthritis. However, this association has only been
shown once and was based on a single general population
study only for persons aged 55 years and older. Therefore,
the present study aimed to assess the association between
spinal morning stiffness and radiographic features of LDD
in people with LBP and with problems with the knee
and/or hip, and examine the potential association
between the duration and severity of spinal morning
stiffness and LDD.
Methods
Study Design
For the present cross-sectional study, the 8-year follow-up
data of the Cohort Hip and Cohort Knee (CHECK)
study were used. CHECK is a multi-center cohort study
with 1002 participants with pain of the hip and/or the
knee, and the study initiated to investigate the progression
of suspected early-stage osteoarthritis. The cohort
was formed between October 2002 and September 2005
and currently has a follow-up of 10 years. A substantial
part of the participants of the CHECK study also reported
LBP. Details on the methodology of the CHECK study are
published elsewhere.20,21 In summary, GPs in the area of
the 10 participating hospital departments of rheumatology
in the Netherlands were invited to refer eligible people to
these participating centers. Recruitment also took place via
advertisements and articles in local newspapers and via
the website of the Dutch Arthritis Association. People were
eligible for inclusion if they had pain and/or stiffness of
the knee and/or hip, were 45 to 65 years old, and had not
yet visited a GP in the last 6 months for these symptoms.
Exclusion criteria were other pathological conditions
that could explain the existing problems (eg, recent
trauma, tendinitis, bursitis, inflammatory arthritis) or
comorbidity that did not allow physical evaluation and/or
follow-up of at least 10 years, malignancy in the past
5 years, or inability to understand the Dutch language.20
After participants had provided informed consent, baseline
measures, such as demographic characteristics and
clinical variables (self-reported questionnaires, physical
examination, radiographs of knee and hip), were collected.
Participants with mild hip or knee symptoms visited
the research center at baseline and at 2, 5, 8, and 10 years
(follow-up). Participants with severe symptoms visited
the research center each year.21 At the 8-year follow-up,
a radiograph of the lumbar spine was obtained; this
was the rationale to use these follow-up data to address
the research question of this substudy. For inclusion
in the present study, people needed to report LBP in
the past 4 weeks and have received a lumbar radiograph.
Measurements
In addition to the standard questionnaires at the 8-year
follow-up, participants also filled out a questionnaire that
asked about LBP and the presence, severity, and duration
of lumbar spinal morning stiffness. Furthermore, the
severity of LBP, quality of life, neuropathic pain, and
disability due to osteoarthritis were assessed. The
questionnaires in the CHECK study included (among
others) the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and the ACR criteria for
hip and knee osteoarthritis.13–22 The following items for
LBP and spinal morning stiffness were assessed when the
participants had LBP in the past 4 weeks.
Spinal morning stiffness severity was measured on a
5-point numeric rating scale, with 0 representing no
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morning stiffness and 5 representing very severe spinal
morning stiffness. This was divided into 3 categories:
none/mild (scores of 0 or 1), moderate (scores of 2 or 3),
and severe (scores of 4 or 5). Spinal morning stiffness was
defined as being present when scores were 2 or higher on
the 5-point scale of spinal morning stiffness severity. The
duration of morning stiffness was measured with 3 answer
options: no spinal morning stiffness, spinal morning
stiffness persisting for < 30 minutes, and spinal morning
stiffness persisting for > 30 minutes.
The duration of LBP was measured in days and
categorized as 3 months, 3 months to 1 year, and longer
than 1 year. The severity of LBP was measured on an
11-point numeric rating scale, with 0 representing no pain
and 10 representing the worst pain imaginable.23,24 Severe
LBP was defined as being present when scores were 4 or
higher on the 11-point numeric rating scale.
The presence of neuropathic pain25 was assessed using 2
questions based on Douleur Neuropathique 4 questions26:
Does the pain have 1 or more of the following
characteristics (burning, painful cold, electric shocks)? Is
the pain associated with 1 or more of the following
symptoms in the same area (tingling, pins and needles,
numbness, itching)?
Disability due to back problems was measured with the
short version of the Roland-Morris Disability
Questionnaire.27 The scores ranged from 0 to 11 (where 0
indicated no disability and 11 indicated maximum
disability). The Roland-Morris Disability Questionnaire is
recommended for evaluating disability in LBP, with 78%
agreement.28,29
The questionnaires used in the CHECK study were as
follows.
Health-related quality of life was measured using the
EuroQol Five Dimensions Questionnaire addressing the
following dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Each dimension
has 3 levels: no problems, some problems, and extreme
problems. The utility score was determined using this
information: 1 represents full health and −0.330
represents severe problems in all 5 dimensions.30 The
EuroQol Five Dimensions Questionnaire is a practical way
of measuring the health of a population and detecting
differences in subgroups of the population, such as
patients with LBP.31,32
Osteoarthritis symptoms were assessed with the WOMAC,
which measures pain, stiffness, and physical impair-
ment.33,34 The standardized score range is 0 to 100 (where 0
indicates the worst possible health status and 100 indicates
the best health status). The WOMAC is an osteoarthritis-
specific index with adequate reliability, validity, and
responsiveness, and it is also used in patients with LBP.35
The ACR clinical criteria were used to establish the clinical
presence of osteoarthritis in the hip and knee.13,14 These
criteria were assessed with a questionnaire about hip and
knee symptoms and with a physical examination of the
hip and knee. The ACR criteria for the hip were hip pain
and at least 2 of the following 3 features: erythrocyte
sedimentation rate of < 22 mm/h, radiographic evidence
of femoral or acetabular osteophytes, and radiographic
evidence of joint space narrowing. The ACR criteria for
the knee were knee pain and at least 3 of the following
features: > 50 years of age, < 30 minutes of morning
stiffness, crepitus on active motion, bony tenderness,
bony enlargement, and no palpable warmth of the
synovium.
Lumbar Radiographs
The recumbent lumbar radiographs were collected in all
CHECK participants at the 8-year follow-up and
independently scored by 2 observers for osteophytes and
disk space narrowing (ie, 2 radiographic LDD features).36
The presence of osteophytes and disk space narrowing
was appraised with the 4 grades of the Lane atlas11 (ie,
grade 0 = none; grade 1 = mild; grade 2 = moderate; and
grade 3 = severe).
The 2 independent observers were masked for the clinical
characteristics of the participants and scored the vertebral
levels from L1-L2 to L5-S1 for the presence of the different
LDD features. Observers were trained by an experienced
musculoskeletal radiologist.
Because of the low prevalence of some of the
radiographic features, the interobserver reproducibility
was established with the prevalence- and bias-adjusted
kappa37 rather than the usual kappa statistics. To assess
interobserver reproducibility with the prevalence- and
bias-adjusted kappa, the experienced musculoskeletal
radiologist and the 2 observers independently scored a set
of 40 lumbar radiographs. The scores of both observers
were compared with those of the experienced radiologist.
The results showed prevalence- and bias-adjusted kappa
values of 0.5 and 0.7 for osteophytes and disk space
narrowing, respectively; these data indicate moderate to
substantial agreement.
Data Analysis
To report the characteristics of the participants, descriptive
statistics were used. The chi-square test and independent
t test were used to evaluate differences in the variables
between participants with and without spinal morning
stiffness. P < .05 was defined as statistically significant.
Multivariable logistic regression analyses were performed
to determine the association between the presence of
spinal morning stiffness and the presence of osteophytes
and disk space narrowing. The association between the
duration and severity of spinal morning stiffness and the
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radiographic LDD features was also analyzed with
multivariable logistic regression.
Because of the very low prevalence of grade 0 for the
LDD feature osteophytes, the reference group was grade 0
and grade 1 osteophytes combined. For the LDD feature
of disk space narrowing, grade 0 was used as a reference
group. Because of the low prevalence of grade 3 (8%) disk
space narrowing, grades 2 and grade 3 were combined for
the analyses.
In the present study, we used the radiographic definitions
of osteophytes (ie, an osteophyte of grade ≥ 2 at 2 or
more levels from L1-L2 to L5-S1) and disk space
narrowing (ie, narrowing of grade ≥ 1 at 2 or more levels
from L1-L2 to L5-S1).6
For analyzing the duration of spinal morning stiffness, we
used 2 different reference groups: the first was no spinal
morning stiffness, and the second was no spinal morning
stiffness combined with morning stiffness persisting for
≤ 30 minutes.
For the severity of spinal morning stiffness analysis, the
reference group was the category none/mild (scores of 0
and 1). All analyses were adjusted for body mass index,
age, and sex because these factors are associated with
both spinal morning stiffness and the radiographic LDD
features.6,38 For the associations regarding osteophytes,
the analyses were also adjusted for the presence of bony
bridging on 4 vertebral levels or more; this is a sign of
diffuse idiopathic skeletal hyperostosis.39,40 Because of
overlapping clinical symptoms, the presence of bony
bridging could influence the association between
radiographic evidence of LDD and spinal morning
stiffness. For the association between spinal morning
stiffness and radiographic evidence of LDD, ORs with 95%
CIs are presented. P < .05 was defined as statistically
significant. Statistical analyses were performed using SPSS
(version 21; IBM SPSS, Chicago, IL, USA).
Role of the Funding Source
The institution was supported by grants from the Dutch
Arthritis Foundation. No specific funding for this
study was received, and no role was played by a
funder.
Results
Participant Characteristics
The CHECK study started with 1002 participants at
baseline. At 8-year follow-up measurement, 874 people
(87%) participated. However, because 145 participants did
not fill out the questionnaire and 30 participants had no
lumbar radiograph, 699 people were eligible for the
present study. Of these, 462 had LBP, of which 5 did not
complete the required additional questionnaire. Thus,
finally, 457 participants (65%) were available for the
present study (Fig. 1).
Table 1 shows the differences between participants with
and without spinal morning stiffness. In brief, the mean
age was 64 years, and there were more women than men;
65% of the participants with LBP reported spinal morning
stiffness. The main differences between participants with
spinal morning stiffness and those without were ability to
work, scores on the 3 WOMAC subscales, prevalence of
clinical hip and knee osteoarthritis, and the duration of
LBP. Also, participants with spinal morning stiffness were
more disabled based on the Roland-Morris Disability
Questionnaire.
There was a high prevalence of the radiographic LDD
feature osteophytes. Participants with spinal morning
stiffness more often had radiographic features of LDD.
Presence of Spinal Morning Stiffness and
LDD Features
Table 2 shows the association between the presence of
spinal morning stiffness and the radiographic features of
LDD. The presence of osteophytes was significantly
associated with spinal morning stiffness as was the
presence of grade 2 or 3 disk space narrowing.
Duration of Spinal Morning Stiffness and
LDD Features
We examined whether the duration of spinal morning
stiffness and the different LDD features were associated
(Tab. 3). When no spinal morning stiffness was used as a
reference group, there was a significant association
between spinal morning stiffness persisting for
≥ 30 minutes and grade 2 osteophytes. Disk space
narrowing was not significantly associated with spinal
morning stiffness persisting for ≥ 30 minutes. There was
no significant association between spinal morning
stiffness persisting for ≤ 30 minutes and the LDD features.
When no spinal morning stiffness combined with spinal
morning stiffness persisting for ≤ 30 minutes was used as
a reference group, there was a significant association with
grade 1 disk space narrowing.
Severity of Spinal Morning Stiffness and
LDD Features
Table 4 presents the association between severity of spinal
morning stiffness (none/mild vs moderate vs severe/very
severe) and the LDD features.
There was a significant association between moderate
spinal morning stiffness and the presence of osteophytes.
Both LDD features (osteophytes and disk space
narrowing) were significantly associated with severe
spinal morning stiffness.
258 Physical Therapy Volume 100 Number 2 2020
D
ow
nloaded from
 https://academ
ic.oup.com
/ptj/article-abstract/100/2/255/5631807 by Erasm
us U
niversiteit R
otterdam
 user on 19 February 2020
Morning Stiffness and Lumbar Disk Degeneration
Figure 1.
Flowchart of inclusion in the study.
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Table 1.
Characteristics of the Study Populationa
Characteristic All (n = 457) Spinal Morning
Stiffness (n = 299)
No Spinal Morning
Stiffness (n = 158)
P for Spinal
Morning Stiffness
vs No Spinal
Morning Stiffness
General
Age, mean ± SD, y 64.0 ± 5.2 63.9 ± 5.3 64.2 ± 5.0 .57
No. (%) of women 373 (82) 246 (82) 127 (80) .62
Body mass index, mean ± SD 26.4 ± 4.2 26.7 ± 4.1 25.9 ± 4.5 .06
Educational level
Primary school 10 (2) 7 (2) 3 (2) .76
Secondary school 336 (74) 222 (74) 114 (72) .64
Professional education 100 (22) 63 (21) 37 (23) .56
Work description
Employed (paid employment) 121 (26) 80 (27) 41 (26) .35
Unemployed 6 (1) 5 (2) 1 (1) .85
Disabled 36 (8) 31 (10) 5 (3) <.01b
Voluntarily unemployed 268 (59) 167 (56) 101 (64) .09
EuroQoL utility score,c mean ± SD 0.77 ± 0.17 0.74 ± 0.18 0.83 ± 0.12 <.01b
WOMAC subscale score,d mean ± SD
Pain standardized 74.7 ± 19.0 69.9 ± 19.6 83.9 ± 13.9 <.01b
Stiffness standardized 65.5 ± 23.8 57.6 ± 23.3 80.6 ± 16.2 <.01b
Physical function standardized 73.0 ± 20.0 67.0 ± 20.2 84.6 ± 13.3 <.01b
Total standardized 72.8 ± 19.2 66.8 ± 19.4 84.1 ± 12.7 <.01b
Present hip osteoarthritis 104 (23) 80 (27) 24 (15) <.01b
Present knee osteoarthritise 284 (62) 208 (70) 76 (48) <.01b
Radiologic evidence of hip osteoarthritis 84 (18) 53 (18) 31 (20) .62
Radiologic evidence of knee osteoarthritis 278 (61) 177 (39) 101 (64) .27
Chronic low back pain at 3 mo 411 (90) 273 (91) 138 (87) .18
Chronic low back pain at 12 mo 353 (77) 245 (82) 108 (68) <.01b
Neuropathic pain 36 (8) 30 (10) 6 (4) .02b
Disability,g mean ± SD 4.7 ± 3.1 5.8 ± 2.9 2.6 ± 2.39 <.01b
Duration of morning stiffness
< 30 min 293 (64) 191 (64)
> 30 min 112 (25) 107 (36)
Severity of morning stiffness
Mild morning stiffness 129 (28) 129 (28)
Moderate morning stiffness 191 (42) 191 (64)
Severe/very severe morning stiffness 107 (23) 108 (36)
Radiographich
Osteophytes at L1–S1
Grade 0 5 (1) 4 (1) 1 (1) .49
Grade 1 127 (28) 77 (26) 50 (32) .49
Grade 2 209 (46) 137 (46) 72 (46) .24
(Continued)
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Table 1.
Continued.
Characteristic All (n = 457) Spinal Morning
Stiffness (n = 299)
No Spinal Morning
Stiffness (n = 158)
P for Spinal
Morning Stiffness
vs No Spinal
Morning Stiffness
Grade 3 116 (25) 81 (27) 35 (22) .25
Definitioni 220 (48) 158 (53) 62 (39) <.01b
Narrowing at L1–S1
Grade 0 132 (29) 76 (25) 56 (35) .03b
Grade 1 196 (43) 133 (44) 63 (40) <.01b
Grade 2 92 (20) 67 (22) 25 (16) .22
Grade 3 35 (8) 23 (8) 12 (8) .66
Definitionj 197 (43) 138 (46) 59 (37) .07
aData are reported as number (percentage) of participants unless otherwise indicated.
bSignificant at P < .05.
cComputed with the EuroQoL Five Dimensions Questionnaire (−0.330 to 1).
dWOMAC = Western Ontario and McMaster Universities Osteoarthritis Index. The data were standardized to a range of values from 0 to 100, where 0 is the
worst possible health status and 100 is the best health status.
ePresent hip and knee osteoarthritis were classified using the American College of Radiology (ACR) criteria.
fRadiologic hip or knee osteoarthritis was defined by a Kellgren-Lawrence grade of ≥ 2.
gDetermined with the Roland-Morris Disability Questionnaire, with scores ranging from 0 to 11 (0 = no disability, 11 = maximum disability).
hFeatures of lumbar disk degeneration were scored using the highest grade of degeneration for all 5 levels of vertebrae per participant.
iDefinition of osteophytes = grade ≥ 2 osteophytes at 2 or more levels from L1–L2 to L5–S1.
jDefinition of narrowing at L1–S1 = grade ≥ 1 disk space narrowing at 2 or more levels from L1–L2 to L5–S1; definition of narrowing at L1–L5 = grade ≥ 1
disk space narrowing at 2 or more levels from L1–L2 to L4–L5.
Discussion
This study demonstrated associations between the
presence, duration, and severity of spinal morning
stiffness and key radiographic features of LDD, namely,
osteophytes and disk space narrowing, in participants
with LBP.
CHECK is a multi-center cohort study including
individuals with hip and/or knee pain initiated to study
the progression of suspected early symptomatic
osteoarthritis in knee and hip. People with osteoarthritis
in the knee and hip often report morning stiffness in the
affected joint.35,41 This selection in the CHECK population
might imply that the prevalence of spinal morning
stiffness was higher in our study population than in the
general population of people who have LBP and visit a
GP or physical therapist.
One of the most important consequences of LBP is
disability.42 We showed that participants with spinal
morning stiffness were more often unable to work, scored
worse on all the WOMAC subscales, more often had
chronic LBP, and scored worse on the Roland-Morris
Disability Questionnaire (5.8 vs 2.6). The findings of the
present study suggest that spinal morning stiffness is
associated with LDD. This might indicate that people with
spinal morning stiffness caused by LDD could be a
clinically relevant subgroup that experiences more
disability.
The degree of spinal morning stiffness might also reflect
the degree of inflammation, and we should further explore
whether antiinflammatory treatment should be tailored
according to the degree of spinal morning stiffness.
The association between spinal morning stiffness and disk
space narrowing was also explored with the exclusion of
level L5-S1. Level L5-S1 is a difficult and potentially
inaccurate level to assess on a lateral lumbar radiograph
because of lumbosacral transitional vertebrae (prevalence
18.1%).43,44 However, results of the multivariable logistic
regression analyses with the exclusion of level L5-S1 (disk
space narrowing at L1-L5) were similar to the results
analyzing disk space narrowing at levels L1 to S1. Scheele
et al12 excluded the L5-S1 level based on the findings of de
Schepper et al,6 who concluded that the strength of the
association between LBP and LDD increased by excluding
level L5-S1. Because this is not the case in the current
study, we included level L5-S1 in our analysis.
In our CHECK population, the high prevalence of
osteophytes (99%) seen on radiographs was similar to that
in other radiographic surveys.45,46 This high prevalence
was also found in the study of van den Berg et al,11 in
which patients with nonspecific LBP and patients without
nonspecific LBP were assessed (prevalence of
osteophytes: 98%). There was a high prevalence of disk
space narrowing (grade ≥ 1 disk space narrowing in 71%
and definition of disk space narrowing in 43%). Vining et
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Table 2.
Association Between Presence of Spinal Morning Stiffness Reported in the Past Month
and Radiographic LDD Features (n = 457)a
Spinal Morning Stiffness
Radiographic LDD Featureb
No. (%) of Participants OR (95% CI) P
Osteophytes at L1–S1
Grade 0 or grade 1 132 (29) 1
Grade 2 209 (46) 1.2 (0.8–2.0) .43
Grade 3 116 (25) 1.7 (0.7–3.3) .13
Not meeting definition 237 (52) 1
Meeting definition 220 (48) 2.1 (1.3–3.2) .00c
Narrowing at L1–S1
Grade 0 132 (29) 1
Grade 1 196 (43) 1.6 (1.0–2.5) .06
Grade 2 or grade 3 129 (28) 2.0 (1.1–3.5) .03c
Not meeting definition 260 (57) 1
Meeting definition 197 (43) 1.4 (0.9–2.1) .11
aAdjustments were made for age, body mass index, and sex. Missing values ranged up to 3%. CI = confidence
interval; LDD = lumbar disk degeneration; OR = odds ratio.
bFeatures of LDD were scored using the highest grade of degeneration for all 5 levels of vertebrae per participant.
Definition of osteophytes = grade ≥ 2 osteophytes at 2 or more levels from L1–L2 to L5–S1. Definition of
narrowing = grade ≥ 1 disk space narrowing at 2 or more levels from L1–L2 to L5–S1.
cSignificant at P < .05.
al reported a 29% prevalence for single-level narrowing
and 30% for multilevel narrowing47 in patients with
chronic LBP. However, this marked difference in
prevalence might be explained by differences between the
2 study populations; for example, Vining et al explored
the prevalence of radiographic findings in a much
younger population (mean age of 44.8 years vs 64.0 years
in the present study). Also, all of the patients in the Vining
et al study had chronic LBP, defined as LBP lasting
12 weeks or longer, whereas in the present study, 90% of
the participants had chronic LBP.
In the present study, severity of spinal morning stiffness
was measured on a 5-point numeric rating scale, with 0
indicating no morning stiffness and 5 indicating very
severe morning stiffness. To dichotomize the outcome
spinal morning stiffness, we chose the arbitrary cutoff at
2 = mild spinal morning stiffness. We assumed that in a
clinical setting, many people experience some mild spinal
morning stiffness. There is no current literature to our
knowledge regarding the optimal cutoff for the presence
of spinal morning stiffness.
Scheele et al12 also found an association between spinal
morning stiffness and LDD features. The association
between disk space narrowing and spinal morning
stiffness was stronger than the association between
osteophytes and morning stiffness (for disk space
narrowing: OR = 1.8 [95% CI = 1.4–2.2]; for osteophytes:
OR = 1.2 [95% CI = 1.0–1.5]).12 In the present study, a
stronger association was found between osteophytes and
spinal morning stiffness compared with disk space
narrowing (for osteophytes: OR = 2.1 [95% CI = 1.3–3.2];
for disk space narrowing: OR = 1.4 [95% CI = 0.9–2.1]).
However, although the same scoring system was used,
Scheele et al12 conducted an open population-based study
(all inhabitants of a district of the city of Rotterdam, the
Netherlands, were invited to participate in this study) of
participants aged a mean of 65.7 years (SD = 6.6), and the
LDD definitions limited to levels L1 to L5 were used.12 In
their research population, the prevalence of osteophytes
and disk space narrowing was lower compared with our
CHECK population (for osteophytes: 30% vs 48%; for disk
space narrowing: 19% vs 43%), which can explain the
difference in findings.
Scheele et al12 excluded patients without LBP; this
exclusion resulted in a smaller association between spinal
morning stiffness and LDD. They discussed that the
symptom spinal morning stiffness is possibly less
discriminative in patients with LBP. However, the OR
found in the present study was similar to that found by
Scheele et al12 for the presence of osteophytes and disk
space narrowing in people with LBP, suggesting that
spinal morning stiffness is also discriminative in detecting
LDD in people with LBP.
We found a significant association between morning
stiffness persisting for ≥ 30 minutes and the LDD features.
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Table 3.
Association Between Duration of Spinal Morning Stiffness Reported in the Past Month and Radiographic LDD Features
(n = 452)a
No Spinal
Morning
Stiffness
(n = 47)
Spinal Morning
Stiffness
Lasted ≤ 30 min
(n = 293)
Spinal Morning
Stiffness
Lasted ≥ 30 min
(n = 112)
No Spinal
Morning
Stiffness and
Spinal Morning
Stiffness
Lasted ≤ 30 min
(n = 340)
Spinal Morning
Stiffness
Lasted ≥ 30 min
(n = 112)
Radiographic LDD
Featureb
OR(CI) P OR(CI) P OR(CI) P OR(CI) P OR(CI) P
Osteophytes at L1–S1
Grade 0 or grade 1 Reference 1 1 Reference 1
Grade 2 Reference 1.7 (0.8–3.5) .91 2.6 (1.1–6.2) .03c Reference 1.7 (0.9–3.0) .08
Grade 3 Reference 1.2 (0.5–3.4) .70 2.7 (0.9–8.2) .08 Reference 2.0 (1.0–4.2) .08
Not meeting definition Reference 1 Reference
Meeting definition Reference 1.3 (0.6–2.6) .5 1.9 (0.9–4.1) .12 Reference 1.5 (0.9–2.4) .11
Narrowing at L1–S1
Grade 0 Reference 1 1 Reference 1
Grade 1 Reference 0.9 (0.4–2.0) .88 1.6 (0.7–4.1) .30 Reference 2.0 (1.1–3.6) .02c
Grade 2 or grade 3 Reference 0.7 (0.3–2.0) .73 1.6 (0.6–4.5) .38 Reference 1.9 (1.0–3.6) .05
Not meeting definition Reference 1 1 Reference 1
Meeting definition Reference 1.2 (0.6–2.4) .55 1.4 (0.7–3.0) .37 Reference 1.2 (0.8–1.9) .45
aAdjustments were made for age, body mass index, and sex. LDD = lumbar disk degeneration; OR = odds ratio.
bFeatures of LDD were scored using the highest grade of degeneration for all 5 levels of vertebrae per participant. Definition of osteophytes = grade ≥ 2
osteophytes at 2 or more levels from L1–2 to L5–S1. Definition of narrowing = grade ≥ 1 disk space narrowing at 2 or more levels from L1–L2 to L5–S1.
cSignificant at P < .05.
This corresponds to the outcomes of Scheele et al,12 who
reported a stronger association with the LDD feature disk
space narrowing and spinal morning stiffness persisting
for ≥ 30 minutes.
There was a trend of an increasing OR with increasing
duration of spinal morning stiffness. Spinal morning
stiffness lasting longer than 60 minutes may be a sign of
an inflammatory condition such as ankylosing
spondylitis.12,48 Based on knowledge from patients with
rheumatoid arthritis, one assumes that in general it
appears that longer duration of morning stiffness in a
specific joint means more inflammation.49–52
Patients with knee osteoarthritis experience intermittent
flare-ups during which the pain worsens.53,54 The main
symptoms of a flare-up are inflammatory variables such as
functional impairment, nocturnal awakening, swelling,
warmth, and morning stiffness.54 Also, when patients with
knee synovitis received an intraarticular glucocorticoid
injection, they showed better results in terms of variables
associated with articular inflammation such as pain,
edema, and morning stiffness persisting for ≥ 30 minutes
than patients who received a systemic treatment.55
In hip osteoarthritis, the duration of the morning stiffness
is ≤ 60 minutes. The duration of morning stiffness is
reported to correlate with the degree of inflammation.56 In
patients with osteoarthritis, this morning stiffness is not
always present and is mostly of short duration; however,
there also are patients with longer morning stiffness. In
the present study, participants with LBP more often have
shorter duration of the spinal morning stiffness. Also, in
patients with LBP, spinal morning stiffness might be a
marker of the degree of inflammation, but more research
on this topic is required.
A widely recommended and evidence-based treatment for
both lower limb osteoarthritis and LBP is exercise
therapy.18,19,57 Also, the double-blind, randomized
controlled trial of Burton et al58 concludes that carefully
selected and presented information and advice about back
pain can have a positive effect on patients’ beliefs and
clinical outcomes. However, in patients with LBP, it has
not been extensively investigated which type and dose of
exercise would be beneficial for patients with LDD-related
symptoms. In a small randomized controlled trial,
Krekoukias et al59 assessed the efficacy of spinal
mobilization in people with LBP due to spinal disk
degeneration. They concluded that manual therapy (spinal
mobilization, 5 sessions, lasting 10 minutes each) is
preferable to conventional physical therapy (stretching
exercises, transcutaneous electrical nerve stimulation, and
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Table 4.
Association Between Severity of Spinal Morning Stiffness and Radiographic LDD Featuresa
None/Mild (n = 156) Moderate (n = 186) Severe/Very Severe
(n = 107)
Radiographic LDD Featureb
OR P OR P OR P
Osteophytes at L1–S1
Grade 0 or grade 1 Reference 1 1
Grade 2 Reference 1.3 (0.7–2.2) .35 1.1 (0.6–2.1) .77
Grade 3 Reference 1.8 (0.9–3.7) .11 1.4 (0.6–3.4) .42
Not meeting definition Reference 1 1
Meeting definition Reference 2.0 (1.2–3.2) .005c 2.1 (1.2–3.7) .01c
Narrowing at L1–S1
Grade 0 Reference 1 1
Grade 1 Reference 1.6 (0.9–2.7) .08 1.6 (0.9–2.9) .15
Grade 2 or grade 3 Reference 1.8 (1.0–3.2) .06 1.8 (0.9–3.6) .11
Not meeting definition Reference 1 1
Meeting definition Reference 1.2 (0.8–1.9) .38 1.8 (1.1–3.1) .02c
aAdjustments were made for age, body mass index, and sex. Missing values represented < 3%. LDD = lumbar disk degeneration.
bFeatures of LDD were scored using the highest grade of degeneration for all 5 levels of vertebrae per participant. Definition of
osteophytes = grade ≥ 2 osteophytes at 2 or more levels from L1–L2 to L5–S1. Definition of narrowing = grade ≥ 1 disk space
narrowing at 2 or more levels from L1–L2 to L5–S1.
cSignificant at P < .05.
massage) to reduce pain intensity and disability in people
with chronic LBP and associated with disk degeneration.
This emphasizes the need to deliver specific interventions
to patients with LBP caused by LDD. Future high-quality
and large randomized controlled trials need to assess
which therapy is most effective in the subgroup of
patients with spinal osteoarthritis.
Because the current study is the second to find an
association between spinal morning stiffness and LDD,
spinal morning stiffness may be a symptom used by
physical therapists to identify patients with signs of spinal
osteoarthritis and to manage this subgroup of patients
with specific information, education, and treatment.
However, the present results are based on cross-sectional
data, and therefore the relevance of defining such a
subgroup in respect to prognosis and treatment needs to
be assessed and conformed in future prospective
observational and experimental research. Also, no studies
have yet assessed if the presence of spinal morning
stiffness is a moderator of treatment effect in patients with
LBP due to spinal osteoarthritis. This should be
investigated in large randomized controlled trials or with
individual patient data
meta-analysis.
In the future, we should investigate whether people with
spinal morning stiffness, which could be an inflammatory
symptom, derive more antiinflammatory effects from
treatment and exercise60,61 than people without spinal
morning stiffness.
Our results confirm that there is an association between
the presence of spinal morning stiffness and LDD features
seen on a radiograph. Also, with increasing severity of
spinal morning stiffness, the association between it and
both LDD features was stronger.
This study had several strengths: it used standardized
methods for assessing the radiographs and both observers
were trained by an experienced musculoskeletal
radiologist. Furthermore, validated questionnaires were
used to measure patient-reported outcome measures. This
study was performed within the CHECK study, which
includes a large population of participants with suspected
early knee and/or hip osteoarthritis and, therefore,
possibly predisposed to develop lumbar degeneration. In
addition, hip pain can be caused by
LDD.62,63
This study also has several limitations. First, only lumbar
lateral radiographs were available for each participant,
implying that the grades of osteophytes and disk space
narrowing could have been underestimated. Also, because
only lateral radiographs were available, it was not possible
to investigate the association between facet joint
degeneration and spinal morning stiffness. The fact that
facet joints are the only synovial joints in the spine might
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have influenced the associations between spinal morning
stiffness and LDD.
Second, the fact that the quality of the radiographs was
not consistent (ie, there were different levels of
radiographic quality among the 10 participating hospitals)
and that the numbers of participants at the centers
differed could have led to information bias. However, in
our radiographic dataset, no structural poor quality was
observed for any specific center. Moreover, no lumbar
radiographs were excluded because of poor quality.
In conclusion, this study demonstrates an association
between the presence of spinal morning stiffness and the
LDD features disk space narrowing and osteophytes.
When the severity of spinal morning stiffness increased,
there was a stronger association with both LDD features.
More studies are needed to validate these results in a
similar population and to evaluate whether the clinical
symptom spinal morning stiffness might play a role in
identifying patients with spinal osteoarthritis, hopefully
with respect to specific treatment or prognosis.
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